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states that an average incidence of liver sarcoma was 1% in experimental animals infected with Schistosoma mansoni and 10% in natural human infection. An~ther review on the natural occurrence of liver ;arcoma produced by parasitimia was written by Berman (2) . It reports that in a group of East African.natives where 88% of the population was infected with helminthes, 34% also had developed primary liver cancer. The occurrance of naturally induced sarcoma has been reported in association with the following parasitic groups: Ascaris, Trichuris, Ancylostoma, Schistosoma, Fasciola, Taenia, Mesocestoides, and Echinococcus.
It is apparent that there is an association between the development of cancer in the host and the infection of a host with a given group of parasites. According to Smyth (15) and von Brand (16) the highest ratio of liver cancer and parasitimia occurs with infections by-flukes (trematodes) and tapeworms (cestodes) while cancer is rarely observed with infections by round worms (nematodes). The one important common characteristic of trematodes and cestodes is the presence of calcareous corpuscles. It has been suggested by Smyth (15) and von Brand (16) that cancer develops after the corpuscles are deposited, that is, when the parasitic organism ages and dies.
inorganic crystalline material found in biological samples. Calcareous deposits have been identified in several sites, such as the urinary tract by Prien (13) , the aorta by Parsons (12) and Iu (20) , the pineal glands by Earle (8) Recorder. The sample sizes available were not sufficiently large to warrant use of the powder diffractometer.
Before the x-ray diffraction analysis, the residual tissue material from the tetrathyridium of Mesocestoides corti must be separated from the calcareous corpuscles that are to be analyzed. 
B. Quantitatiye Analytical Studies
A procedure for the quantitative analysis of calcium and magnesium in calcareous corpuscles has been initiated by the use of a log sector wheel in the ARL Emission Spectrograph and using the Joyce-Deeley flyingspot~ntegrating microdensitometer to measure line intensities. Stan-dard samples containing calcium, magnesium and iron were prepared as described in Table I . Although this section of the an~lytical procedure is concerned only with analysis of calcium and magnesium, the samples were prepared containing iron so that the standard set of films would be available for anticipated investigation of corpuscles for the percent of iron.
Each standard sample was mixed vdth 900 milligrams of lithium carbonate internal standard on the Spex Mixer/Mill for six minutes. A one milligram portion is placed in an electrode and covered with ten to twenty milligrams of spectographic graphite. The arc is applied for the life of the electrode or burned completely and the spectrum is taken by the use of a log sector wheel and filters allowing twenty-five percent transmittance. Where: ICa = intensity of the calcium wedge, ILi = intensity of the lithium wedge, and CCa = percent of calcium in sample.
The calcium and magnesium standard curves are·shovm in Figures I and II respectively. The sample from normal 1n~mice gave a value of 34% for calcium (as CaC0 3 ) and 14% for magnesium (as MgS0 4 ). The sample from mice with strontium drinking water gave values of 20% for calcium (as CaC0 3 ), and 6% for magnesium (as MgS0 4 ). Because there was insufficient time to obtain enough tetrathyridium for another sample, the experiment could not be repeated. and CaMg2/3Fel/3(C03)2' in the corpuscles. Manganese. frequently enters the crystalline lattice and isomorphically replaces 'magnesium. In those samples which gave a positive emission spectrographic analysis for manganese, there probably has been incorporation of manganese into the dolomite lattice by this isomorphic replacement of magnesium. Also at 300 0C , the diffraction pattern showed CaS04 and 2CaS04· H20 ; however, in the corpuscle, before heating, CaS04·2H20, the stable room tempera ture form of the hydrate, would be expected.
Heating at 400 0C and 500 0 C gave no change in the analysis. The majority of the lines were those of the CaMg(C0 3 )2 pattern; however, the strong lines of the pattern had become broad and diffuse. Appendix III gives the pattern for the material heated at 400 0 C 'and 500 0 C.
Von Brand (19) reported the presence of CaCO) and MgO in the samples of calcareous corpuscles from M. corti that had been heated at 450 0C • Previously, in Appendix II we reported the presence of MgO in a trypsin treated sample that had been heated at )OOoC; however, at 0 0 0 ( ) )00 c, 400 C, and 500 C we reported CaMg CO) 2 not CaCO). The difference between von Brand reporting CaCO) and our analysis of CaMg(CO))2 can be explained by·the environment of the host or the isolation process.
The data at higher temperatures reflects recrystallization and chemical·decomposition of the inorganic matter present in the original calcareous corpuscles. At 600 0 C to 10000C the carbonates have decomposed leaving calcium oxide and magnesium oxide as given in Appendix IV.
• (6)).
The possibility must be considered of isomorphic replacement in hydroxyapatite, similar to the replacement in the CaMg(CO J )2. The isomorphous'compound, Voelekerite (Ca5(P04)JO), could exist (Dana (7)) and the x-ray pattern would not be measurably different by pow~er methods.
Von Brand (19) reported hydroxyapatite, calcium oxide and magnesium oxide for the material heated at 900 0 C. Unfortunately, he did not report any d-spacings and a data comparison can not be made.
The qualitative emission spectrographic analysis of calcareous corpuscles from in vivo M. corti has shown calcium and magnesium to be ,the major constituents. In fact, the major constituents of the corpuscles are calcium and magnesium compounds. The work reported by von Brand (19) , and given in Appendix V, does not report magnesium, calcium, and phosphorus, because they are major components. These elements are expected because they were found in compounds reported in the x-ray studies. The strong lines for carbon are a result of the use of graphite electrodes.
Silicon was observed as a minor constituent. For this reason silicon was examined closely to determine if it was introduced from the glass containers or from the original environment. Samples of the tetrathyridium obtained from mice were handled in~silicon-free system and the analysis of the corpuscles gave a positive test for silicon.
Therefore, the silicon was incorporated into the corpuscles from the original environment.
Certain minor constituents reported by von Brand (19) , and shown in Appendix V, were verified. For example aluminum, copper, and sodium; however, we also found lithium and chromium which were not reported by von Brand (19) . Lithium was found in at least one sample and chromium in the majority of our samples. Von Brand also reported the absence of boron, manganese, and nickel, but our samples gave a positive test in most cases. These inconsistencies indicate that there is no simple composition for the corpuscles. For a better controlled environment, the tetrathyridium was grown in vitro with the NCTC 109 Medium. With the addition of arseni~, beryllium, and strontium to the medium, the corpuscles were 'able to concentrate these ions. Like the samples from mice that were drinking water containing strontium, this further confirms the relationship between the composition of the corpuscles and the host's environment.
These compounds were chosen because of their toxicity or their similarity to the compounds in the corpuscles. Beryllium and arsenic are very toxic chemioals to the host, but the parasites do not seem ·to have toxic effects from them. Because the normally white corpuscles grown in the. uranium medium were yellow-colored, they appeared to have incorporated uranium. A positive identification could not be made due to spectrographic interference consisting of numerous low intensity lines in the spectrum from other components coinciding with the uranium lines.
The uranium spectrum has no strong lines which can be used for unambiguous identification.
At present, no ions have been introduced into the medium that the corpuscle does not seem to incorporate. It is possible that tetrathyridium may be able to concentrate all metal ions.
The quantitative analytical procedure by the use of the emission spectrograph has not been fully perfected. There is a linear relationship between the log of intensity and the log of percent composttion.·
The normal in yiYQ sample gave an analysis of 34% calcium (as GaG0 3 ) and 14% magnesium (as MgS04)' The 1n vivo sample containing strontium gave an analysis of 20% calcium (as GaG0 3 ) and 6% magnesium (as MgS0 4 ) showing significant reduction caused by isomorphic replacement by .
strontium.
The standard curve for magnesium shows that the method could be +++, ++, + =present; -=absent, ? = questionable * (1) normal medium, six days in culture (2) medium with uranium, four days in culture (3) medium with beryllium, five days in culture (4) medium with strontium, six days in culture (5) medium with uranium, beryllium, and strontium; five days in culture (6) medium with arsenio, three days in culture
